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(54) POLYMERIC WET-LAID NONWOVEN MAT FOR FLOORING APPLICATIONS

(57) A flooring product may include an upper flooring
material and a glassless wet-laid nonwoven mat. The
glassless wet-laid nonwoven mat may include a plurality
of polymeric fibers and a binder. The plurality of polymeric
fibers have a linear mass density of between about 1.0

denier and 4.0 denier. The plurality of polymeric fibers
have lengths of between about 6 mm and 25 mm. The
binder has a loss on ignition of at least about 20%. The
glassless wet-laid nonwoven mat has a hot-wet% of at
least about 20%.
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Description

BACKGROUND OF THE INVENTION

[0001] Glass nonwoven mats and polyester spunbond mats are commonly used as backing layers in flooring products
such as carpet tiles, vinyl floor coverings, luxury vinyl tile, and as underlayment for sport surface, etc. Conventional glass
mats reinforce and stabilize the backing layer so the flooring products have sufficient dimensional stability. However,
while providing good stiffness and dimensional stability, the glass mats are difficult to recycle. Additionally, the glass
fibers make the flooring products itchy, particularly during installation. Conventional polyester spunbond mats fail to
provide the necessary dimensional stability to serve as backing layers in flooring products. To remedy this, conventional
polyester spunbond mats often include a glass fiber reinforcement scrim that is covered with the polymeric fibers. While
this eliminates the itchiness and discomfort associated with glass mats, such mats are still difficult to recycle due to the
presence of the glass fiber scrim. Therefore, improvements in flooring mats are desired.

BRIEF SUMMARY OF THE INVENTION

[0002] In one embodiment, a flooring product is provided. The flooring product may include an upper flooring material
and a glassless wet-laid nonwoven mat coupled with the upper flooring material. The glassless wet-laid nonwoven mat
may include a plurality of polymeric fibers and a binder. The plurality of polymeric fibers may have a linear mass density
of between about 1.0 denier and 4.0 denier. The plurality of polymeric fibers may have lengths of between about 6 mm
and 25 mm. The binder may have a loss on ignition of at least about 20%. The glassless wet-laid nonwoven mat may
have a hot/wet% of at least about 20%.
[0003] In some embodiments, the binder may include one or both of an acrylic-based binder and a styrene butadiene-
based binder. The upper flooring material may include one or more of a fabric layer, a vinyl layer, and a sport surface
layer. The plurality of polymeric fibers comprise one or more of polyethylene terephthalate (PET) fibers, acrylic fibers,
polyester fibers, and polypropylene fibers. The glassless wet-laid nonwoven mat may include a plurality of layers. The
flooring product may include at least one intermediate layer disposed between the upper flooring material and the
glassless wet-laid nonwoven mat. The at least one intermediate layer may include a primary backing coupled with the
upper flooring material and a secondary backing coupled with the primary backing. The flooring product may have a
dimensional stability of less than or about 0.5% on both machine and cross machine directions. The dimensional stability,
for example on a carpet tile, is measured using ASTM D7570 ("Standard Test Method for Evaluation of Dimensional
Stability of Pile Yarn Floor Covering.
[0004] In another embodiment, a carpet tile is provided. The carpet tile may include a pile fabric layer, at least one
backing coupled with the pile fabric layer, and a glassless wet-laid nonwoven mat coupled with the at least one backing.
The glassless wet-laid nonwoven mat may include a plurality of polymeric fibers and a binder. The plurality of polymeric
fibers may have a linear mass density of between about 1.0 denier and 4.0 denier. The plurality of polymeric fibers may
have lengths of between about 6 mm and 25 mm. The binder may have a loss on ignition of at least about 20%. The
glassless wet-laid nonwoven mat may have a hot/wet% of at least about 20%.
[0005] In some embodiments, the at least one backing may include a primary backing coupled with the pile fabric layer
and a secondary backing coupled with the primary backing. The adhesive may be applied to the second layer prior to
placing the carpet tile against the floor substrate. The glassless wet-laid nonwoven mat may also include between about
0.01% and 3.0% by weight of a wettability additive. The wettability additive may include glycol ester. The glassless wet-
laid nonwoven mat may have a thickness of between about 0.1 mm and 3.0 mm.
[0006] In another embodiment, a method of manufacturing a flooring product is provided. The method may include
providing an upper flooring material and coupling a glassless wet-laid nonwoven mat with a lower surface of the upper
flooring material. The glassless wet-laid nonwoven mat may include a plurality of polymeric fibers and a binder. The
plurality of polymeric fibers may have a linear mass density of between about 1.0 denier and 4.0 denier. The plurality of
polymeric fibers may have lengths of between about 6 mm and 25 mm. The binder may have a loss on ignition of at
least about 20%. The glassless wet-laid nonwoven mat may have a hot-wet% of at least about 20%.
[0007] In some embodiments, the upper flooring material may include one or more of a fabric layer, a vinyl layer, and
a sport surface layer. Coupling the glassless wet-laid nonwoven mat with the lower surface of the upper flooring material
may include securing a top surface of the glassless wet-laid nonwoven mat to at least one backing layer that is positioned
against the lower surface of the upper flooring material. The method may also include applying an adhesive to an exposed
surface of the glassless wet-laid nonwoven mat and affixing a release liner over the adhesive. Forming the glassless
wet-laid nonwoven mat may include passing the plurality of polymeric fibers and binder through an oven to cure the
binder. The oven may be set to a temperature of less than about 350 °F.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Various features, aspects, and advantages of the present invention will be better understood when the following
detailed description is read with reference to the accompanying figures in which like characters represent like parts
throughout the figures, wherein:

FIG. 1 is an isometric view of a flooring product according to embodiments.
FIG. 2 is a schematic view of a manufacturing system that produces a glassless wet-laid mat according to embod-
iments.
FIG. 3 is a method of forming a glassless wet-laid fiber mat according to embodiments.
FIG. 4 is a method of forming a dual layer glassless wet-laid fiber mat according to embodiments.
FIG. 5 is a schematic view of a manufacturing system that produces a carpet tile according to embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0009] The ensuing description provides exemplary embodiments only, and is not intended to limit the scope, appli-
cability, or configuration of the disclosure. Rather, the ensuing description of the exemplary embodiments will provide
those skilled in the art with an enabling description for implementing one or more exemplary embodiments. It being
understood that various changes may be made in the function and arrangement of elements without departing from the
spirit and scope of the invention as set forth in the appended claims.
[0010] Embodiments of the present invention provide flooring mats that may be used in various flooring applications.
Embodiments of the invention provide the necessary dimensional stability to flooring products that include a glassless
wet-laid nonwoven mat that is formed with a mixture of polymeric fibers and a binder. Embodiments ensure that the
flooring product is not itchy or otherwise uncomfortable to handle and therefore provides a surface that is suitable for
handling during installation. By eliminating the use of glass fibers, embodiments further improve the recyclability of the
nonwoven mats and/or resultant floor products. The polymeric fibers and binder may be selected to deliver comparable
dimensional stability as delivered by conventional glass mat backing layers. Dimensional stability is important in a flooring
applications. Dimensional stability, as understood in the art, is the ability of a flooring mat (or resultant product) to lie flat
and remain flat and square on a floor surface under conditions of normal use as described in U.S. Patent No. 4,010,302,
the entire contents of which are hereby incorporated by reference. The industry standard Aachen test (ASTM D7570)
is used to determine the dimensional stability.
[0011] Turning now to the figures, a flooring product 100 according to the present invention is shown in FIG. 1. Flooring
product 100 may include an upper flooring material 102 that serves as an exposed top surface of the flooring product
100. While shown here as being square-shaped, it will be appreciated that flooring product 100 may be cut or otherwise
formed in any desired shape and can be sized to match any desired application. The upper flooring layer material 102
may be formed from any desired material to form a desired flooring product. For example, the flooring product 100 may
be carpet or a carpet tile. In such embodiments, the upper flooring material 102 may be formed of a textile, such as a
fabric (such as pile fabric) and/or other textile material. In other embodiments, the flooring product 100 may be cushion
vinyl flooring (such as flooring tile) and/or luxury vinyl flooring (such as flooring tile). In such embodiments, the upper
flooring material 102 may be formed from a vinyl layer. In other embodiments, the flooring product 100 may be a sport
surface. In such embodiments, the upper flooring material 102 may be formed from a synthetic turf, hardwood court
surface, and/or other sport surface. Floor product 100 may include an upper flooring material 102 positioned atop one
or more backing layers and a polymeric wet-laid nonwoven mat. The upper flooring material 102 may be coupled with
a polymeric nonwoven mat 110. In some embodiments, the upper flooring material 102 may be secured directly to the
nonwoven mat 110. In other embodiments, the flooring product 100 may include one or more intermediate layers, such
as backing layers, that are disposed between the upper flooring material 102 and the nonwoven mat 110. For example,
the upper flooring material 102 may be secured to a primary backing layer 104. Primary backing layer 104 may be made
of polyester and/or polypropylene. The primary backing layer 104 may be secured to a secondary backing 108, with a
latex pre-coat 106 optionally being positioned between the primary backing 104 and the secondary backing 108 in some
embodiments. The secondary backing 108 may be formed from a thermoplastic elastomer and/or a plastisol material,
such as polyolefins, polyvinyl chloride (PVC), and/or polyurethane. While shown with two intermediate layers, it will be
appreciated that the flooring product 100 may include any number of intermediate layers (including no intermediate layer).
[0012] The nonwoven mat 110 may include a plurality of polymeric fibers that are held together using a binder. As will
be discussed in greater detail below, the polymeric mat 110 may be formed from a wet-laid process. The fibers of the
nonwoven mat 110 may be 100% polymer fibers, without any glass fibers. The nonwoven mat 110 formed of synthetic
polymeric fibers provides a soft, non-itchy exposed bottom surface that may be grasped by the installers. This layer
helps prevent the installers from needing to directly touch an itchy glass layer. Additionally, by making nonwoven mat
110 with polymeric fibers, rather than glass fibers, the nonwoven mat 110 may be more easily recycled than similar
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glass mats, making the nonwoven mat 110 more environmentally friendly than traditional flooring mats. In some em-
bodiments, the nonwoven mat 110 may be a single layer, while in other embodiments the nonwoven mat 110 may be
formed of two or more layers.
[0013] The polymeric fibers of the nonwoven mat 110 may be formed from any polymeric material. For example, the
polymeric fibers may be acrylic fibers, polyester fibers, polypropylene fibers, aramid fibers, nylon fibers, polyethylene
fibers, rayon fibers, polyvinylidene fluoride (PVDF) fibers, polyethylene terephthalate (PET) fibers, and/or other polymeric
fibers. In one particular embodiment, the polymeric fibers may be low shrink grade PET fibers. The polymeric fibers may
be chopped fibers in some embodiments. The polymeric fibers of the nonwoven mat 110 may have linear mass densities
of between about 1.0 denier and 4.0 denier, with between about 1.25 denier and 3.5 denier being common, and between
about 1.5 denier and 3.0 denier being more common. Larger PET fibers (up to 25D) can be blended (as a minor
component) to make the mat stiffer and therefore imparting better dimensional stability performance. For example, the
nonwoven mat 110 may include between about 5% and 50%, oftentimes between about 15% and 30%, of coarse fibers
(fibers having linear mass densities of greater than about 4.0 denier, oftentimes, between about 4.0 denier and 25 denier,
more often between about 8 denier and 15 denier. In embodiments with coarse fibers, the nonwoven mat 110 may
include between about 50% and 95% (commonly between 70% and 85%) of the finer fibers having linear mass densities
up to 4.0 denier as described above. The polymeric fibers may have lengths of between about between about 6 mm
and 25 mm, with lengths of between about 12 mm and 20 mm being common, and lengths of between about 15 mm
and 18 mm being more common. Fibers with higher linear mass densities and/or longer fibers may provide greater
dimensional stability to the nonwoven mat 110 and resultant floor product 100.
[0014] The polymeric fibers, which may be substantially the same size or may include a blend of differently sized
fibers. For example, differently sized fibers may form layers of different densities within the mat 110. In embodiments in
which the nonwoven mat 110 is formed from a combination of differently sized fibers, the different sized fibers may be
homogenously dispersed or distributed throughout the nonwoven mat 110. The mat 110 includes one or more binders
that bind the respective fibers together to form the nonwoven mat 110. The nonwoven mat 110 may include 60-95% of
polymeric fibers and 5-40% of binder. The binder is typically homogenously or relatively evenly dispersed or distributed
throughout the mat 110.
[0015] As indicated above, the use of larger polymeric fibers helps increase the dimensional stability of the mat 110
and resultant flooring product 100. The binder may be selected to further enhance the dimensional stability of the
nonwoven mat 110 and the resultant flooring product 100. To help contribute to the dimensional stability, the binder may
exhibit high cross-linking ability, which may increase the tensile strength and stiffness of the nonwoven mat 110 to
improve the dimensional stability. To achieve the necessary cross-linking, the binder may include a self-cross-linking
material and/or include a cross-linking additive. A hot/wet% may be indicative of the cross-linking ability of the binder.
In some embodiments, a hot/wet% of the binder may be at least or about 30%, at least or about 35%, at least or about
40%, at least or about 45%, at least or about 50%, at least or about 55%, at least or about 60%, at least or about 65%,
at least or about 70%, or more.
[0016] The binder may be selected to have a relatively low cure temperature, as subjecting the nonwoven mat 110 to
high processing temperatures may lead to the formation of wrinkles and/or other defects within the nonwoven mat 110.
For example, the binder may have a cure point that is less than or about 350 °F, less than or about 325 °F, less than or
about 300 °F, less than or about 275 °F, less than or about 250 °F, less than or about 225 °F, or less, which enables a
curing process for the nonwoven mat 110 to be conducted at a sufficiently low temperature so as to not generate wrinkles.
The binder may have a loss on ignition (LOI) of at least or about 15%, at least or about 20%, at least or about 25%, at
least or about 30%, at least or about 35%, or more, which may further help increase the tensile strength and dimensional
stability of the nonwoven mat 110 and resultant flooring product 100.
[0017] The binder may be based on acrylic and/or styrene butadiene chemistry. The binder may be or include an
acrylic copolymer latex. For example, the binder may contain commercially available products such as Hycar 26138
(supplied by Lubrizol), RediBond 5330 (supplied by Ingredion Inc.), Aerotex 3030 (supplied by Cytec Industries Inc.),
and/or QRXP 1692 (supplied by The Dow Chemical Company). Other binders are possible. For example, in some
embodiments, the binder may be a thermoset binder based on urea formaldehyde (UF), melamine formaldehyde (MF),
and/or other binders.
[0018] In some embodiments, an additive may be included that may help enhance the wettability of the binder to
polymeric fibers and may improve bondage and/or strength. In some embodiments, the additive may include glycol ester
and/or an amine oxide-based material such as Mykon(R) NRW-3 (supplied by Omnova Solutions). When present, the
nonwoven mat 110 may include between about 0.01 and 3 wt. % of the wettability additive, which may reduce the surface
energy of the polymeric fibers to enhance adhesion.
[0019] In some embodiments, the nonwoven mat 110 may have a thickness of between about 0.1 mm and 3 mm,
commonly between about 0.15 mm and 2 mm, more commonly between about 0.2 mm and 1 mm. The nonwoven mat
110 may have a basis weight of between or about 0.5 lb/100 ft2 and 2.0 lb/100 ft2, between or about 0.55 lb/100 ft2 and
1.75 lb/100 ft2, between or about 0.6 lb/100 ft2 and 1.5 lb/100 ft2, between or about 0.65 lb/100 ft2 and 1.25 lb/100 ft2,
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between or about 0.7 lb/100 ft2 and 1.0 lb/100 ft2, between or about 0.75 lb/100 ft2 and 0.9 lb/100 ft2. The nonwoven
mat 110 may have a machine direction tensile strength of between about 40 lb/3 in and 150 lb/3 in, between about 50
lb/3 in and 125 lb/3 in, between about 55 lb/3 in and 115 lb/3 in, or between about 60 lb/3 in and 110 lb/3 in. The nonwoven
mat 110 may have a cross-machine direction tensile strength of between about 25 lb/3 in and 100 lb/3 in, between about
35 lb/3 in and 90 lb/3 in, between about 40 lb/3 in and 80 lb/3 in, or between about 45 lb/3 in and 70 lb/3 in. The nonwoven
mat 110 may have a total tensile strength of between about 65 lb/3 in and 200 lb/3 in, between about 80 lb/3 in and 175
lb/3 in, between about 85 lb/3 in and 150 lb/3 in, or between about 90 lb/3 in and 125 lb/3 in. The nonwoven mat 110
may have a machine direction stiffness of between or about 7.5 g cm to 50 g cm, between or about 10 g cm to 40 g cm,
or between or about 15 g cm to 30 g cm. The nonwoven mat 110 may have a cross-machine direction stiffness of
between or about 7.5 g cm to 50 g cm, between or about 10 g cm to 40 g cm, or between or about 15 g cm to 30 g cm.
The nonwoven mat 110 may have an air permeability of at least or about 400 cubic feet per minute per square foot
(CFM/ft2), at least or about 600 CFM/ft2, at least or about 650 CFM/ft2, at least or about 700 CFM/ft2, at least or about
750 CFM/ft2, at least or about 800 CFM/ft2, at least or about 850 CFM/ft2, at least or about 900 CFM/ft2, at least or about
950 CFM/ft2, at least or about 1000 CFM/ft2, or more.
[0020] In some embodiments, the thickness of the mat 110 may be less than or about 20%, less than or about 15%,
less than or about 10%, less than or about 5%, less than or about 3%, less than or about 1% or less of an overall
thickness of the flooring product 100. The upper flooring material 102 and nonwoven mat 110 may be joined (along with
any intermediate layers) to produce the flooring product 100. The flooring product may have a dimensional stability of
less than or about 0.5%, less than or about 0.4%, less than or about 0.3%, less than or about 0.2%, less than or about
0.15%, less than or about 0.10%, or less.
[0021] In some embodiments, the nonwoven mat 110 may be formed as a single layer. In other embodiments, the
nonwoven mat 110 may be formed of two or more layers of polymeric fibers. In such embodiments, each layer of the
nonwoven mat 110 may be identical and/or some layers may be different. For example, one or more of the layers may
use different polymeric fibers (a different type of fiber, different fiber diameter, different length, etc.), a different binder,
and/or a different polymer/binder ratio, etc.
[0022] The nonwoven mat 110 may include one or more layers of fibers made in a single step or process. In other
words, in embodiments in which the nonwoven mat 110 includes multiple layers, the layers of the mats are not separately
formed and then combined in a later stage or process (i.e., separately made and then bonded together). Rather, the
layers are formed simultaneously, which results in a mat 110 that functions as a single layer in terms of structure and
integrity despite having different fiber compositions and/or layer densities. Accordingly, the mats discussed may be
produced at lower cost and in less time.
[0023] FIG. 2 is a schematic view of a manufacturing system 200 that produces a mat 110. In operation, the manu-
facturing system 200 is able to produce a single or multilayered mat in a single step/process. That is the layers of the
mat are not separately formed and then combined at a later stage or process (i.e., separately made and then bonded
together). The mats 110 produced by the manufacturing system 200 may therefore be produced at lower cost and in
less time.
[0024] The manufacturing system 200 includes at least one fluid line that delivers polymeric fibers to a hydroformer
202 that forms each layer of the mat 110 simultaneously. While a hydroformer 202 is illustrated, a fourdrinier wire or a
delta former may also be used to produce the layers of the mat 110 in a single step/process.
[0025] In single layer embodiments, the manufacturing system 200 may use a fluid line 204 to deliver polymeric fibers
from at least one fiber source 206 to the hydroformer 202. The fiber source 206 may contain one or more types of
polymeric fibers (e.g., differently sized polymeric fibers, polymeric fibers made from different materials, or a combination
thereof). Fluidly coupled to the fiber source 206 is a pump 208 (e.g., a thick stock pump) that pumps a fluid 210 containing
the polymeric fibers. For example, the fluid 210 may include water, viscosity modifiers, dispersants, defoamers, etc.
mixed with the polymeric fibers. After passing through the pump 208, the fluid 210 is diluted with a dilution fluid 212 (e.g.,
water, viscosity modifiers, dispersants, defoamers, or a combination thereof) stored in a dilution tank 214. By diluting
the polymeric fibers, the manufacturing system 200 may enable a more even distribution of the polymeric fibers in the
nonwoven mat 110 by the hydroformer 202. The dilution fluid 212 combines with the fluid 210 before the fluid 210 enters
a second pump 216. The pump 216 (e.g., thin stock pump) may facilitate mixing of the fluid 210 and the dilution fluid
212 before delivery to the hydroformer 202. After exiting the pump 216, the fluid 210 enters an inlet pipe 218 of the
hydroformer 202. The inlet pipe 218 directs the fluid 210 into the hydroformer 202, which forms the mat 110 by removing
the fluid 210 and dilution fluid 212 from the fluid/coarse fiber mixture as the mixture is poured onto the hydroformer 202.
[0026] In embodiments in which the nonwoven mat 110 is formed of multiple layers, additional fluid lines are used to
supply polymeric fibers from one or more fiber sources (which may be the same or different than fiber source 206) to
the hydroformer 202. The polymeric fibers may be pumped within a second fluid (such as water, viscosity modifiers,
dispersants, defoamers, etc. mixed with the polymeric fibers) to be diluted with a dilution fluid (e.g., water, viscosity
modifiers, dispersants, defoamers, or a combination thereof) stored in an additional dilution tank. The dilution fluid may
be combined with the second fluid before the second fluid enters a second pump that enables mixing of the second fluid
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and the dilution fluid before delivery to the hydroformer 202. After exiting the second pump, the second fluid enters a
inlet pipe of the hydroformer 202 additional second layer atop the initial layer of the mat 110 by removing the second
fluid and dilution fluid from the fluid/fiber mixture as the mixture is poured onto the hydroformer 202 atop the first layer
of the mat 110 that was immediately formed by the hydroformer 202. The second fluid is directed or poured atop the
first layer of the mat 110 as the fluid is being drained from the first fluid 210 such that the additional layer and the initial
layer are formed simultaneously by the hydroformer 202. Additional layers may be formed in a similar manner.
[0027] The flow of the fluid 210 (and fluid for additional layers) through the manufacturing system 200 may be controlled
with a controller 242. The controller 242 may include one or more processors 244 that execute instructions stored on
one or more memories 246 to control the operation of various valves as well as the pumps. For example, one or more
valves 250 coupled with the fluid lines may be controlled, which enables the controller 242 to control the amount of
various types of polymeric fibers to between 0 and 100 percent in a given layer of the nonwoven mat 110, and more
commonly to the percentages described in the mat embodiments herein. Additionally, by controlling the flow of the fluids
the controller 242 may increase or decrease thickness of the mat 110 and/or respective layers thereof.
[0028] As the fluids (such as fluid 210) enter the hydroformer 202 the fluids contact a conveyer belt 256 that drains a
substantially majority of the fluid fluids leaving behind the polymeric fibers of the one or more layers. The manufacturing
system 200 may then apply one or more binders 258. In some embodiments, the binder 258 may include resinous
binders such as urea formaldehyde, modified urea formaldehyde, acrylic and/or styrene-butadiene resins, modified
acrylic resins, among other types of binders. Wetting agents may also be included in the binder, such as glycol ester
and the like.
[0029] These binders 258 may be stored in one or more binder sources 260. The binder(s) 258 may be applied to the
polymeric fibers by moving the polymeric fibers under a spray or waterfall of binder. Any excess binder may then flow
through the fibers. In this way, the manufacturing system 200 may bind the fibers in their respective layers as well as
bind any layers together without performing multiple binding steps/processes. Stated differently, the manufacturing
system 200 may simultaneously bind the fibers in the respective layers and bond the fiber layers together in a single
step. The application of the binder(s) 258 to multiple layers simultaneously results in the binder being relatively evenly
distributed through and between the various layers without forming or defining a binder layer between the layers. Stated
differently, a separate or individual layer of binder is not formed or defined at an interface or boundary between the
layers as occurs in conventional systems where the layers are formed individually and combined in a subsequent process.
The relatively even distribution of the binder(s) 258 may increase the strength of the mat and/or reduce issues such as
delamination of the layers. In addition, the mat described herein has a less defined boundary between multiple layers
since any layers are simultaneously formed. Rather, the mat 110 has a relatively gradual transition from the one layer
to another layer due to the simultaneous formation of the layers, which may increase the strength and/or reduce issues
such as delamination of the layers.
[0030] Referring now to FIG. 3, illustrated is a method 300 of forming a fiber mat. In a specific embodiment, the fiber
mat may be a polymeric mat 110 for a flooring product, such as flooring product 100 described herein. At block 302, a
fluid mixture is poured or applied onto a porous belt or surface. The fluid mixture includes polymeric fibers that are
homogenously mixed or dispersed within a fluid. In a specific embodiment, the fibers include polymeric fibers having
linear mass density of between 1.0 denier and 4.0 denier. When the fluid mixture is applied or poured atop the porous
belt or surface, the fluid is drained or removed from the fluid mixture so that a layer of the polymeric fibers is formed
atop the porous belt or surface. In some embodiments a vacuum may be applied to the porous belt or surface to facilitate
in removal of the fluid from the fluid mixture.
[0031] At block 304, a binder is applied to the polymeric fibers in order to bind the various fibers. After applying the
binder, the binder may be cured to form the nonwoven mat 110. For example, the polymeric fibers coated with binder
may be passed through one or more ovens that heat and cure the binder. In some embodiments, the oven may be
maintained at a temperature of less than or about 350 °F, less than or about 325 °F, less than or about 300 °F, less than
or about 275 °F, less than or about 250 °F, less than or about 225 °F, or less. In some embodiments, the one or more
ovens may be operated in a multistage arrangement, with the mat 110 being cured at multiple temperatures. For example,
the mat 110 may be passed through the oven(s) at a first temperature and subsequently at a second higher temperature.
[0032] In a specific embodiment, the fiber mat that is formed according to the method 300 of FIG. 3 may be a mat for
a flooring product, such as flooring product 100. In such embodiments, the mat 110 may be applied to the upper flooring
material 102 and/or an intermediate layer during formation of the flooring product 100. In a particular embodiment, the
mat 110 may be applied to a backing material of a carpet tile. The polymeric fibers of the mat 110 may be capable of
absorbing a material of the carpet tile, such as the backing, when the mat is positioned against the backing during
formation of the carpet tile.
[0033] Referring now to FIG. 4, illustrated is a method 400 of forming a dual layer fiber mat. In a specific embodiment,
the fiber mat may be a polymeric mat 110 for a flooring product, such as flooring product 100 described herein. At block
402, a first fluid mixture is poured or applied onto a porous belt or surface. The first fluid mixture includes a first group
of polymeric fibers that are homogenously mixed or dispersed within a first fluid. In a specific embodiment, the first group
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of fibers include polymeric fibers having a linear mass density of between about 1.0 denier and 4.0 denier. When the
first fluid mixture is applied or poured atop the porous belt or surface, the first fluid is drained or removed from the first
fluid mixture so that a layer of the first group of fibers is formed atop the porous belt or surface. In some embodiments
a vacuum may be applied to the porous belt or surface to facilitate in removal of the first fluid from the first fluid mixture.
[0034] At block 404, a second fluid mixture is poured or applied onto the porous belt or surface atop the layer of the
first group of fibers. The second fluid mixture includes a second group of polymeric fibers that are homogenously mixed
or dispersed within a second fluid. The second group of polymeric fibers may be the same or different than the first group
of polymeric fibers. For example, the second group of polymeric fibers may be longer and/or have greater linear mass
densities than the fibers in the first group of polymeric fibers.
[0035] When the second fluid mixture is applied or poured atop the porous belt or surface, the second fluid is drained
or removed from the second fluid mixture so that a layer of the second group of fibers is formed atop the porous belt or
surface and atop the layer of the first group of fibers. The second fluid mixture is poured or applied onto the porous belt
or surface as the first fluid is being removed from the first fluid mixture. As such, the layer of the first group of fibers is
typically not fully formed or defined until after the second fluid mixture is poured or applied onto the porous belt or surface.
In this manner, the layer of the first group of fibers and the layer of the second group of fibers are formed simultaneously
atop the porous belt or surface. The second fluid mixture may be poured directly vertically above the first fluid layer and
thus, both layers may be poured simultaneously atop each other. Stated differently, since the layer of the first group of
fibers is not fully formed or defined until after the second fluid mixture is poured or applied onto the porous belt or surface,
the layer of the first group of fibers is formed or defined at essentially the same time as the layer of the second group of
fibers is formed or defined atop of the porous belt or surface. Since the layer of the first group of fibers and the layer of
the second group of fibers are formed simultaneously, the degree of intermeshing or entangling of the fibers at the
interface of the two layers is significantly greater than in conventional fiber mats where one or both of the layers are fully
formed or defined prior to application of the other layer. In some embodiments, the second fluid mixture may be poured
or applied onto the porous belt or surface within 30 inches of where the first fluid mixture is poured or applied onto the
porous belt or surface. In such instances, the fiber mat forming section (i.e., porous belt) may be extremely long such
that the first layer is still dewatering when the second fluid mixture is applied to the belt. In other instances, the second
layer may be poured within 12 inches or within 6 inches after the first layer is poured or applied to the porous belt. In
such instances, the first layer may be partially dewatered, but still in the process of forming on the porous belt. In some
embodiments, the second layer may be poured atop the porous belt first and then the first layer may be poured atop the
second layer. In some embodiments, a more dense layer may be formed on the bottom while a less dense layer is
simultaneously formed on the top.
[0036] At block 406, a binder is simultaneously applied to the layer of the first group of fibers and the layer of the
second group of fibers in order to bind the two layers together and to bind the various fibers within each layer together.
In most embodiments, a binder is not applied to either layer prior to block 406, or stated differently, the layers are typically
free of a binder prior to block 406. The simultaneous application of the binder to the two layers, which are typically free
of a binder prior to block 406, results in a more homogenous or uniform distribution of the binder throughout the fiber
mat. In addition, the simultaneous application of the binder to the two layer results in the fiber mat being free of a
concentrated binder layer at the interface of the two layers. Conventional fiber mats typically include a binder concentration
at the interface between layers because the fiber layers are formed separately and then adhered or bonded together
via an additional binder or other adhesive. The additional binder bonds the two layers together and is typically concentrated
at the interface between the two layers. In contrast, the process described herein is able to form a multiple layer fiber
mat construction in which the binder is relatively homogenously or uniformly dispersed throughout the mat rather than
being concentrated in one or more areas. In additional, a single binder may be employed to both bond or adhere the
layers together and bond or adhere the fibers of the various layers together. Conventional mats commonly require the
use of multiple binders in order to bond the fibers of the separate layers together and to subsequently bond the layers
together.
[0037] After applying the binder, the binder may be cured to form the nonwoven mat 110. For example, the polymeric
fibers coated with binder may be passed through an oven that heats and cures the binder. In some embodiments, the
oven may be maintained at a temperature of less than or about 350 °F, less than or about 325 °F, less than or about
300 °F, less than or about 275 °F, less than or about 250 °F, less than or about 225 °F, or less.
[0038] In a specific embodiment, the fiber mat that is formed according to the method 400 of FIG. 4 may be a mat for
a flooring product, such as flooring product 100. In such embodiments, the mat may be applied to the upper flooring
material 102 and/or an intermediate layer. For example, in a carpet tile, the mat 110 may be applied to a secondary
backing during formation of the carpet tile. The layer of the first group of fibers may be capable of absorbing a material
of the carpet tile, such as the secondary backing, when the mat is positioned against the secondary backing during
formation of the carpet tile. In some embodiments, the layer of the second group of fibers may partially absorb the
material of the secondary backing, but may block the material from passing or absorbing through the mat to an exterior
surface of the second layer. In this manner, the mat may be adhered or bonded with the secondary backing due to the
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absorption of the secondary backing material within the mat, but the material may not be visible on the exterior surface.
[0039] It should be noted that while the method 400 of FIG. 4 is described as simultaneously forming two layers, the
method 400 could be employed to simultaneously form three or more layers as described. For example, block 404 could
be repeated with a third fluid mixture, a fourth fluid mixture, and the like to form additional layers atop the layer of the
second group of fibers. The binder could then be simultaneously applied to each of the layers at block 406 as desired.
Thus, the method 400 of FIG. 4 is not limited to two layer constructions.
[0040] FIG. 5 depicts a single-pass manufacturing system 500 for manufacturing a flooring product, such as flooring
product 100, in accordance with the present invention. System 500 includes a surfacing source 502 that supplies a layer
of an upper flooring material 102. For example, if flooring product 100 is a carpet tile, the upper flooring material, may
include a pile fabric (or other suitable fabric for carpet applications) having a primary backing 104. This upper flooring
material 102 may be passed through a roller assembly 504 being passed through an extruder 506. The extruder 506
may extrude or otherwise supply a thermoplastic or plastisol material that serves as a secondary backing 108 (or other
intermediate layer) to the upper flooring material 102. In some embodiments, prior to passing through the extruder 506,
the upper flooring material 102 may optionally be coated with a pre-coat 106, such as a latex pre-coat, which may help
strengthen the bond between the upper flooring material 102 with the upper flooring material 102. A nonwoven mat
source 508 is provided downstream of the extruder 506 and supplies a wet-laid nonwoven polymeric mat 110 against
the extruded secondary backing 108. In some embodiments, rather than using an extruded layer and/or pre-coat, an
adhesive may be used to bond one or more layers of the flooring product 100.
[0041] The mat 110 may be produced separately using manufacturing system 200 and/or processes 300 and/or 400
as described above. The upper flooring material 102, any intermediate layers (such as primary backing 104 and/or
secondary backing 108), and nonwoven mat 110 (and latex pre-coat 106 when included) may then pass through a
second roller assembly, such as a nip chill roller assembly 510, which may press the respective layers together and
cause the layers to bond and set with one another due to the lower temperature of the chill rollers of the nip chill roller
assembly 510. In some embodiments, the secondary backing layer 108 is plastisol in nature. The upper flooring material
102, any intermediate layers (such as primary backing 104 and/or plastisol secondary backing 108), and nonwoven mat
110 (and latex pre-coat 106 when included) may then pass through a set of heated ovens to cure the plastisol and/or
adhesive and bond the different layers to one another. Once cooled/cured, the various layers form a roll and/or sheet
of flooring product 512, which may be provided to a cutting apparatus 514, which cuts the flooring product 512 into
pieces of a desired size (such as individual carpet tiles). In some embodiments, prior to or after cutting the flooring
product an adhesive layer, such as a pressure sensitive adhesive layer, may be applied to the exposed bottom surface
of the flooring product 100, oftentimes along with a non-stick release liner.

EXAMPLE 1

[0042] Nonwoven mats with PET (Polyethylene terephthalate) fibers were produced using a pilot mat machine. Some
mats used 1.5 denier (D) 6 mm PET fibers and/or 1.5 denier (D) 10 mm PET fibers supplied by Engineered Fibers
Technology, LLC (EFT). Some mats used 3.0 D ª" PET fibers supplied by MiniFIBERS and/or 13 D ©" PET fibers
supplied by William Barnet & Son, LLC (Barnet). Binder 1 contained Hycar 26138 and Aerotex 3030. Binder 2 contained
QRXP 1692 and RediBond 5330. Binder 3 contained 90% Hycar 26138 and 10% RediBond 5330 (%s are solids based).
A two-zone oven was equipped with the pilot wet-laid machine. The two zones were set at 330 °F and 380 °F, respectively,
for Binders 1 and 2. The two zones were set at 210 °F and 225 °F, respectively, for Binder 3. The line speed was 10
feet per minute (fpm) line speed. Table 1 details the resultant mats in comparison with a number of commercially avialable
glass-based flooring mats.
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[0043] As detailed above, several physical properties were tested for each mat and compared to data from the com-
mercially available glass flooring mats. Basis weight was measured by weighing of handsheet samples (typically cut
12"X12") with the unit Ibs/sq (i.e., lbs/100 sq. ft2). Tensile strength of (3"X12") was measured using an ASTM method
by an Instron machine. Tensile strength was measured in the machine direction (MD) and the cross-machine direction
(CD). Total tensile is the sum of the two. For hot/wet (%) testing, 3"X12" strips need to be submerged in water bath with
Deionized (DI) water at 81° 6 1° C (180°6 2° F) for 10 minutes. Typically, strips from cross machine (CD) direction are
used. Hot Wet (%) is average of CD wet tensile strength divided by average of CD dry tensile strength. Thickness was
measured with a gauge under pressure of 1.686 kPa (28 ounce (784 gram) contact pressure and 3 inch diameter foot).
Air permeability ("air perm") was measured by the Frazier test, which is described by ASTM Standard Method D737.
This test was carried out at a differential pressure of about 0.5 inches of water (125 Pa).
[0044] From the data, it showed longer fibers, higher binder LOI and higher basis weight all helped increase tensile
strength of the PET mats. In particular, for PET mats with ~1 Ib/sq basis weight and 30% binder LOI, all-PET mats
"091720B" and "091720D" had total tensile comparable to the commercial glass flooring mats which are used as rein-
forcement mat in flooring products such as carpet tiles.

Example 2

[0045] Nonwoven mats with PET fibers were produced using a pilot mat machine. Some mats used 1.5D 15 mm PET
fibers and/or 3.0D 18mm PET fibers. Binder 3 was the same as in Example 1 and Binder 4 contained Hycar 26138. A
two-zone oven was equipped with the pilot wet-laid machine. For both Binder 3 and Binder 4, the two zones were set
at 210 °F and 225 °F, respectively. The line speed was set at 10 feet per minute (fpm). Table 2 details the resultant
glass free mats in comparison with a number of commercially avialable glass-based flooring mats.
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[0046] Typical physical properties were tested on the samples. In addition, stiffness was tested according to TAPPI
T 489 om-92 "Stiffness of paper and paperboard (Taber-type stiffness tester)".
[0047] As expected as well, all-PET mat made with coarser fibers have higher air permeability than with finer fibers.
Typically, a glass mat helps dimensional stability of flooring products tremendously due to the rigidity of glass fibers. In
a polymeric mat, choice of binder and binder LOI% on the product are important to provide excellent strength and
dimensional stability of flooring products. Hycar 26138 is acrylic copolymer latex. Other binders, for example, based on
SB (styrene-butadiene) chemistry can be good binder candidates for all-PET wet-laid mats. In addition, other binders
which are commonly used for non-woven glass mats can be good candidates as well, such as thermoset binder based
on UF (Urea Formaldehyde), MF (Melamine Formaldehyde), etc. A binder LOI higher than 20% may provide good tensile
strength and dimensional stability of flooring products. Furthermore, to enhance wettability of binder to PET substrate
and bondage/strength, glycol ester can be a good additive with 0.01-3 wt.% of the mat weight. Examples may include
TegMeR 812, TegMeR 810, TegMeR 804 SPECIAL, etc. supplied by Hallstar.
[0048] While several embodiments and arrangements of various components are described herein, it should be un-
derstood that the various components and/or combination of components described in the various embodiments may
be modified, rearranged, changed, adjusted, and the like. For example, the arrangement of components in any of the
described embodiments may be adjusted or rearranged and/or the various described components may be employed in
any of the embodiments in which they are not currently described or employed. As such, it should be realized that the
various embodiments are not limited to the specific arrangement and/or component structures described herein.
[0049] In addition, it is to be understood that any workable combination of the features and elements disclosed herein
is also considered to be disclosed. Additionally, any time a feature is not discussed with regard in an embodiment in this
disclosure, a person of skill in the art is hereby put on notice that some embodiments of the invention may implicitly and
specifically exclude such features, thereby providing support for negative claim limitations.
[0050] Having described several embodiments, it will be recognized by those of skill in the art that various modifications,
alternative constructions, and equivalents may be used without departing from the spirit of the invention. Additionally, a
number of well-known processes and elements have not been described in order to avoid unnecessarily obscuring the
present invention. Accordingly, the above description should not be taken as limiting the scope of the invention.
[0051] Where a range of values is provided, it is understood that each intervening value, to the tenth of the unit of the
lower limit unless the context clearly dictates otherwise, between the upper and lower limits of that range is also specifically
disclosed. Each smaller range between any stated value or intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed. The upper and lower limits of these smaller ranges may inde-
pendently be included or excluded in the range, and each range where either, neither or both limits are included in the
smaller ranges is also encompassed within the invention, subject to any specifically excluded limit in the stated range.
Where the stated range includes one or both of the limits, ranges excluding either or both of those included limits are
also included.
[0052] As used herein and in the appended claims, the singular forms "a", "an", and "the" include plural referents
unless the context clearly dictates otherwise. Thus, for example, reference to "a process" includes a plurality of such
processes and reference to "the device" includes reference to one or more devices and equivalents thereof known to
those skilled in the art, and so forth.
[0053] Also, the words "comprise," "comprising," "include," "including," and "includes" when used in this specification
and in the following claims are intended to specify the presence of stated features, integers, components, or steps, but
they do not preclude the presence or addition of one or more other features, integers, components, steps, acts, or groups.
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Claims

1. A flooring product, comprising:

an upper flooring material;
a glassless wet-laid nonwoven mat coupled with the upper flooring material, the glassless wet-laid nonwoven
mat comprising:
a plurality of polymeric fibers and a binder, wherein:

the plurality of polymeric fibers have a linear mass density of between about 1.0 denier and 4.0 denier;
the plurality of polymeric fibers have lengths of between about 6 mm and 25 mm;
the binder has a loss on ignition of at least about 20%; and
the glassless wet-laid nonwoven mat has a hot-wet% of at least about 20%.

2. The flooring product of claim 1, wherein:
the binder comprises one or both of an acrylic-based binder and a styrene butadiene-based binder.

3. The flooring product of claim 1, wherein:
the upper flooring material comprises one or more of a fabric layer, a vinyl layer, and a sport surface layer.

4. The flooring product of claim 1, wherein:
the plurality of polymeric fibers comprise one or more of PET fibers, acrylic fibers, polyester fibers, and polypropylene
fibers.

5. The flooring product of claim 1, wherein:
the glassless wet-laid nonwoven mat comprises a plurality of layers.

6. The flooring product of claim 1, further comprising:
at least one intermediate layer disposed between the upper flooring material and the glassless wet-laid nonwoven
mat.

7. The flooring product of claim 6, wherein:
the at least one intermediate layer comprises a primary backing coupled with the upper flooring material and a
secondary backing coupled with the primary backing.

8. The flooring product of claim 1, wherein:
the flooring product has a dimensional stability of less than or about 0.5%.

9. A carpet tile, comprising:

a pile fabric layer;
at least one backing coupled with the pile fabric layer;
a glassless wet-laid nonwoven mat coupled with the at least one backing, the glassless wet-laid nonwoven mat
comprising:
a plurality of polymeric fibers and a binder, wherein:

the plurality of polymeric fibers have a linear mass density of between about 1.0 denier and 4.0 denier;
the plurality of polymeric fibers have lengths of between about 6 mm and 25 mm;
the binder has a loss on ignition of at least about 20%; and
the glassless wet-laid nonwoven mat has a hot-wet% of at least about 20%.

10. The carpet tile of claim 9, wherein:
the at least one backing comprises a primary backing coupled with the pile fabric layer and a secondary backing
coupled with the primary backing.

11. The carpet tile of claim 9, further comprising:
an adhesive applied to an exposed surface of the glassless wet-laid nonwoven mat.
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12. The carpet tile of claim 9, wherein:
the glassless wet-laid nonwoven mat further comprises between about 0.01% and 3.0% by weight of a wettability
additive.

13. The carpet tile of claim 12, wherein:
the wettability additive comprises glycol ester.

14. The carpet tile of claim 9, wherein:
the glassless wet-laid nonwoven mat has a thickness of between about 0.1 mm and 3.0 mm.

15. A method of manufacturing a flooring product, comprising:

providing an upper flooring material; and
coupling a glassless wet-laid nonwoven mat with a lower surface of the upper flooring material, the glassless
wet-laid nonwoven mat comprising:
a plurality of polymeric fibers and a binder, wherein:

the plurality of polymeric fibers have a linear mass density of between about 1.0 denier and 4.0 denier;
the plurality of polymeric fibers have lengths of between about 6 mm and 25 mm;
the binder has a loss on ignition of at least about 20%; and
the glassless wet-laid nonwoven mat has a hot-wet% of at least about 20%.

16. The method of manufacturing a flooring product of claim 15, wherein:
the upper flooring material comprises one or more of a fabric layer, a vinyl layer, and a sport surface layer.

17. The method of manufacturing a flooring product of claim 15, wherein:
coupling the glassless wet-laid nonwoven mat with the lower surface of the upper flooring material comprises securing
a top surface of the glassless wet-laid nonwoven mat to at least one backing layer that is positioned against the
lower surface of the upper flooring material.

18. The method of manufacturing a flooring product of claim 15, further comprising:

applying an adhesive to an exposed surface of the glassless wet-laid nonwoven mat; and
affixing a release liner over the adhesive.

19. The method of manufacturing a flooring product of claim 15, wherein:

forming the glassless wet-laid nonwoven mat comprises passing the plurality of polymeric fibers and binder
through an oven to cure the binder; and
the oven is set to a temperature of less than about 350 °F.

20. The method of manufacturing a flooring product of claim 15, wherein:
the binder is self-cross-linking, has a cross-linking additive, or both.
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